Background: Babesia canis infection induces a marked acute phase response (APR)
| INTRODUCTION
The acute phase response (APR) is induced by tissue injury and governed by a network of neuro-immuno-humoral signals that enable rapid adaptation, elimination of harmful agents, and repair of damaged tissue. One of the best described markers of an APR is an increase in serum concentrations of acute phase proteins, such as serum amyloid A (SAA). Acute phase responses also induce alterations in lipid metabolism that can lead to important changes in plasma lipids (cholesterol, phospholipids, and triglycerides) and in the concentration, morphology (diameter), and composition of lipoproteins. 1 Some changes, such as a decrease in high-density lipoprotein (HDL)-cholesterol, are related to poor prognosis and death in septic humans and rodents. 2 In humans and rodents, the APR is characterized not only by a decrease in HDL, but also by a decrease in serum apolipoprotein (Apo)
A-1, the main apoprotein of HDL, suggesting altered reverse cholesterol transport. 3 Reverse cholesterol transport is a multistep process leading to cholesterol transfer from peripheral tissues to the liver, where uptake is mediated by the scavenger receptor, class B type 1 (SR-B1). 1 ApoA-1 is indispensable for cholesterol efflux and esterification, and for the remodeling of HDL particles. 4 Furthermore, in acute inflammation, HDL becomes enriched with SAA, resulting in further modification of its morphology and diameter. 5, 6 The overall consequence of an APR is decreased cholesterol efflux, altered HDL morphology, and decreased cholesterol uptake through SR-BI in the liver. 1 The influence of the APR on lipids and lipoproteins in dogs is poorly understood. In dogs, the majority of serum cholesterol is contained within HDL and involved in reverse cholesterol transport. 7 Canine HDL particles form distinct α1 and α2 bands in electrophoretic gels that correspond quantitatively to HDL-2 and HDL-1. 8, 9 Dogs lack cholesterol ester transfer protein (CETP) activity, which in humans is involved in transferring cholesteryl esters from HDL to low-density lipoproteins (LDLs). 10 These species differences might affect changes in lipids and lipoproteins in dogs with inflammatory disease.
Babesia canis causes an important tick-borne disease that induces a typical APR in dogs, with a major increase in SAA. 11 Total cholesterol and HDL-cholesterol levels are lower at the time of presentation than after treatment with imidocarb-dipropionate, 12 and ApoA-1 concentration is higher in dogs with acute babesiosis. 13 However, in those studies, the method used for HDL cholesterol was not recommended for use with canine serum, 14 
| Complete blood count and biochemistry analysis
Complete blood counts were done on an impedance-based hematology analyzer (Abacus Junior Vet, Diatron, Vienna, Austria) within 2 hours of sampling. Total protein, albumin, glucose, urea nitrogen and creatinine concentrations and alanine-aminotransferase (ALT), aspartate-aminotransferase (AST), and alkaline phosphatase (ALP) activities were measured using routine clinical biochemistry kits according to the manufacturer's instructions (Elitech, Puteaux, France) on a Technicon RA-XT automated biochemistry analyzer (Bayer). 
| Serum lipoprotein electrophoresis

| Lipoprotein morphology (diameter)
The diameter of HDL and TRL particles was determined by polyacrylamide gradient gel electrophoresis (PAGGE) with a 3%-31% gradient.
Gels were prepared using a Hoefer SE 675 system (Amersham Pharmacia Dynamics, Sunnyvale, California) as previously described. 18 Briefly, the diameter of the most prominent peak in the HDL region of each scan, as determined by the software, was designated as the dominant HDL diameter (nm) and used for statistical analysis. 18 
| Apolipoprotein A-1 radioimmunoassay
Serum ApoA-1 concentration was determined using a radioimmunoassay as described previously, with minor modifications. 19 
| Statistical analysis
Data were analyzed using the MedCalc statistical software (version 16.2.1, Ostend, Belgium). Kolmogorov-Smirnov testing indicated the data were not normally distributed; therefore, differences between infected and control dogs were evaluated using the Mann-Whitney test and data reported as median and range (minimum-maximum).
A P value of <.05 was considered significant. Spearman's rank correlation coefficients (rho) were determined to assess the correlation between SAA and ApoA-1 with HDL diameter and to assess the correlation between SAA and ApoA-1 levels. Our results confirmed that HDL-2 was decreased concurrent with high SAA levels. One potential mechanism of decreased HDL in acute inflammation is increased endothelial lipoprotein lipase expression, which increases the hydrolysis of phospholipids and, in humans, leads to the catabolism and subsequent decrease of HDL in an APR. 25, 26 Canine babesiosis increases cortisol and insulin concentration and decreases thyroid hormone concentration. 27, 28 Theoretically, these changes would be expected to induce hypercholesterolemia. However, low normal cholesterol concentration was observed in dogs proteins are also bound to HDL particles. 31 In particular, hemolysis, the major cause of anemia in B. canis infection, can influence morphology of HDL through the binding of free hemoglobin and haptoglobin. 32 Another potential contribution to expansion of HDL diameter in dogs with an APR is the lack of adequate HDL remodeling in the liver.
| RESULTS
Twenty
In dogs, 60% of HDL cholesteryl esters are removed from the plasma through selective uptake by the liver via SR-B1. 33 In humans and mice with APRs, both hepatic lipase and SR-B1 are downregulated. 34 Based on investigations in humans using nuclear magnetic resonance, an APR results in fewer small-and medium-sized HDL particles, with no change (and hence a relative increase) in large HDL particles. 35 In primates and rodents, decreased synthesis or increased catabolism of ApoA-1 in association with increased SAA synthesis has led to the conclusion by others that the 2 molecules are reciprocally regulated by inflammation. 3, 36 Unexpectedly, dogs with B. canis-induced APR and loss of HDL-2 in our study had higher relative ApoA-1 concentrations than control dogs. These results confirm those in a recent study of dogs with babesiosis (in which ApoA-1 was measured using mass spectrometry), 13 40 People homozygous for CETP mutations have increased ApoA-1 levels, but in conjunction with increased HDL cholesterol. 41 Thus, the mechanism of increased ApoA-1 in dogs with B. canis remains uncertain and may be species-or disease-specific.
Increased ApoA-1 in dogs with B. canis infection also might be the 
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